We present results of a spectroscopic survey for new K-and M-type members of ScorpiusCentaurus (Sco-Cen), the nearest OB Association (∼100-200 pc). Using an X-ray, proper motion and color-magnitude selected sample, we obtained spectra for 361 stars, for which we report spectral classifications and Li and Hα equivalent widths. We identified 156 new members of Sco-Cen, and recovered 51 previously published members. We have combined these with previously known members to form a sample of 493 solar-mass (∼0.7-1.3 M ) members of Sco-Cen. We investigated the star-formation history of this sample, and re-assessed the ages of the massive main-sequence turn-off and the G-type members in all three subgroups. We performed a census for circumstellar disks in our sample using WISE infrared data and find a protoplanetary disk fraction for K-type stars of 4.4 +1.6 −0.9 % for Upper Centaurus-Lupus and Lower Centaurus-Crux at ∼16 Myr and 9.0 +4.0 −2.2 % for Upper Scorpius at ∼10 Myr. These data are consistent with a protoplanetary disk e-folding timescale of ∼4-5 Myr for ∼1 M stars, twice that previously quoted (Mamajek 2009), but consistent with the Bell et al. revised age scale of young clusters. Finally, we construct an age map of Scorpius-Centaurus which clearly reveals substructure consisting of concentrations of younger and older stars. We find evidence for strong age gradients within all three subgroups. None of the subgroups are consistent with being simple, coeval populations which formed in single bursts, but likely represents a multitude of smaller star formation episodes of hundreds to tens of stars each.
INTRODUCTION AND BACKGROUND
Because of their utility for studying star and planet formation and evolution, a great deal of effort has been directed towards identifying and characterizing samples of nearby young stars. These samples have been indispensible for direct imaging of brown dwarf and planetary-mass companions (e.g., Kraus & Ireland 2012) , imaging debris disks in scattered light (e.g., Kalas et al. 2015) , exploring the star-disk interaction in young stars (e.g., Nguyen et al. 2009) , and studying the evolution of gas-rich and dusty debris disks as a function of age (e.g., Mamajek 2009; Chen et al. 2011 ).
The nearest of these samples are small, diffuse, nearby associations of kinematically related stars, (e.g., the β Pictoris moving group, TW Hya Association; Zuckerman & Song 2004; Torres et al. 2008) . These typically have tens of known members, with masses ∼0.02-2 M . While these are extremely useful due to their proximity, studies based on these samples may be subject to small number statistics. Fortunately, there exist large collections of young stars, only slightly more distant, in nearby OB associations. OB E-mail: mark.pecaut@rockhurst.edu associations contain members across the mass spectrum, including the hot and massive O-and B-type stars for which they are named, intermediate-mass A/F stars, lower-mass G/K/M stars, and very low-mass free-floating substellar objects. Though the lowermass (< 1.5 M ) stars blend in with the Galactic field population and are therefore much more difficult to identify than the OB stars, they comprise the dominant stellar component of OB associations, typically present in the thousands (Briceño et al. 2007 ).
Scorpius-Centaurus (Sco-Cen), the nearest OB association, has been the subject of several efforts to identify its lower-mass population (e.g., de Zeeuw et al. 1999; Preibisch & Zinnecker 1999; Mamajek et al. 2002; Rizzuto et al. 2011 Rizzuto et al. , 2015 . Sco-Cen harbors a barely explored population of thousands of low-mass K and Mtype stars (Preibisch & Mamajek 2008 ). The association consists of three classic subregions first defined by Blaauw (1946) , and later : Upper Scorpius (US), Upper Centaurus-Lupus (UCL), and Lower Centaurus-Crux (LCC). The subgroups have mean distances of 145 pc, 140 pc, and 118 pc, respectively . Though many K/M type members of US have been identified in surveys by Walter et al. (1994) , Preibisch et al. (1998) , Preibisch & Zinnecker (1999) , Preibisch et al. (2001) , Preibisch et al. (2002) , and Rizzuto et al. (2015) , UCL and LCC occupy larger regions of the sky, and have received less attention, with only ∼90 K/M stars identified in both subgroups, mostly in Mamajek et al. (2002) , Preibisch & Mamajek (2008) , Song et al. (2012) , and a few new M-type members discovered by Rodriguez et al. (2011) and Murphy et al. (2015) using Galaxy Evolution Explorer (GALEX) UV observations. A deep DECam imaging survey of UCL and LCC is underway which is yielding dozens of members down to the deuterium-burning limit (Moolekamp et al., in prep) .
In this study, we identify and characterize a new sample of K/M-type (∼0.7-1.3 M ) members of Sco-Cen selected through their X-ray emission and proper motions. We describe the results of a low-resolution spectroscopic survey to identify new low-mass Kand M-type members of Sco-Cen. We combine our newly identified members with members discovered by previous surveys to estimate the accretion disk fraction, and probe the star-formation history of each subgroup. Finally, we place these results in context with the results from other stellar populations.
SAMPLE SELECTION
We aim to find new K-and M-type members of all three subgroups of Sco-Cen. Low-mass pre-main sequence stars are X-ray luminous, with log(L x /L bol ) -3, due to their strong magnetic dynamos and coronal X-ray emission (Feigelson & Montmerle 1999) . To build our candidate star list, we cross-referenced the PPMX propermotion catalog (Röser et al. 2008 ) with X-ray sources within 40 in the ROSAT Bright Source (Voges et al. 1999) and Faint Source (Voges et al. 2000) catalogs. We restricted our search to the de Zeeuw et al. (1999) boundaries for Sco-Cen and adopted their proper motion limits with an extra 10 mas yr −1 to allow for larger proper motion uncertainties and possible kinematic sub-structure. For objects at a distance of ∼140 pc, this extra 10 mas yr −1 translates to 7 km s −1 . For US, UCL, and LCC this gives limits of µ < 47 mas yr −1 , 12 mas yr −1 < µ < 55 mas yr −1 , and 15 mas yr −1 < µ < 55 mas yr −1 , respectively, with µ α < 10 mas yr −1 and µ δ < 30 mas yr −1 for all three subgroups. We also required that our proper motions were less than 50% uncertain, σ µ < 0.5µ, to avoid candidates with poorly constrained proper motions. The mean proper motion magnitude varies across the association due to its large extent on the sky and will also vary for stars of different distances, this being the principle behind kinematic parallaxes. The intrinsic J-K S color of an unreddened K0V dwarf is 0.48 mag , and we aimed to find low-mass K-or M-type members of Sco-Cen so we further made color-magnitude cuts and required our candidates to have color J-K S > 0.5 mag and magnitude 7.0 < J < 11.0 from the 2MASS Point Source Catalog (Skrutskie et al. 2006) . To avoid very large integration times on the SMARTS 1.5m telescope, we chose J < 11.0 mag, which corresponds to V ∼ 12.5 mag for an unreddened K0V dwarf. Stars brighter than J ∼ 7.0 mag would have been covered by previous surveys (e.g., Mamajek et al. 2002) , so we chose J > 7.0 mag. At the time we performed our sample selection, accurate V-band magnitudes were not available for most stars in our parent sample, so we used J-band magnitudes to filter the brighter and fainter ends of our parent sample. We removed candidates located in UCL just below US, in 343 < l < 350 and 0 < b < 10 in galactic coordinates. This region overlaps with "Lower Sco" (Mamajek 2013; Nguyen et al. 2013; Mamajek et al. 2013) , and will be discussed in forthcoming papers (Mamajek et al., in prep.; Nguyen et al., in prep) . This left us with 677 candidates, listed in Table 1 . Before assembling a list of targets for observation, we searched the literature to record those stars which had been studied in previous surveys from which spectral type, Li or Hα measurements were available in sufficient detail to make a membership determination. We then omitted stars which were studied in Mamajek et al. (2002) , Preibisch et al. (1998) , Preibisch et al. (2001) , Preibisch et al. (2002) , Ardila et al. (2000) , Köhler et al. (2000) , Slesnick et al. (2006) , Krautter et al. (1997) , Wichmann et al. (1997) , Riaz et al. (2006) , and Torres et al. (2006) . This left us with 365 candidates in our spectroscopic target list. Objects PPMX J121431.8-511015, PPMX J134751.4-490148, PPMX J143751.3-545649, and PPMX J154348.8-392737 were not observed because they were within 60 of known Sco-Cen members. The first two may constitute new companions to Sco-Cen members MML 9 and MML 38, respectively (listed in Table 2 ). The status of the third (PPMX J143751.3-545649) with respect to MML 47 is unclear. The fourth, PPMX J154348.8-392737, is a previously catalogued companion to HD 140197 (listed as SEE 247 AB in the Washington Double Star catalog; Mason et al. 2001 ). This finally leaves 361 candidates which were spectroscopically observed. 10004365-6522155 -11.7 ± 1.9 12.4 ± 1.9 PX 10.972 ± 0.046 A7 0.650 ± 0.077 A7 9.614 ± 0.026 9.193 ± 0.026 9.018 ± 0.019 10065573-6352086 -19.6 ± 1.5 10.3 ± 1.8 U4 10.950 ± 0.012 A7 0.862 ± 0.018 A7 9.262 ± 0.028 8.744 ± 0.061 8.580 ± 0.024 10092184-6736381 -14.6 ± 1.8 19.6 ± 1.0 U4 11.512 ± 0.017 A7 0.849 ± 0.051 A7 10.027 ± 0.026 9.497 ± 0.024 9.382 ± 0.021 10111521-6620282 -26.5 ± 1.6 11.3 ± 1.6 U4 12.242 ± 0.028 A7 0.825 ± 0.035 A7 10.680 ± 0.024 10.223 ± 0.026 10.073 ± 0.023 10293275-6349156 -11.3 ± 1.4 14.7 ± 1.5 U4 11.373 ± 0.014 A7 0.822 ± 0.027 A7 9.818 ± 0.022 9.349 ± 0.022 9.290 ± 0.019
Adopted 2MASS JHK S magnitudes are PSF-fit photometry unless otherwise specified; (a) 2MASS JHK S aperture photometry; (b) 2MASS JHK S 6x catalog ); (c) 2MASS H psf photometry / JK S aperture photometry; References -(PX) PPMX, Röser et al. (2008) ; (U4) UCAC4, Zacharias et al. (2013) ; (T2) Tycho-2, Høg et al. (2000) ; (A6) APASS DR6 (Henden et al. 2012) ; (A7) APASS DR7 (Henden et al. 2012) ; (HP) Hipparcos, ESA (1997); (W97) Wichmann et al. (1997) ; (T06) Torres et al. (2006) ; Only the first five rows are shown; this table is available in its entirety in the electronic version of the journal. (Kordopatis et al. 2013 ) reports radial velocities of 12.6 ± 3.5 km s −1 and 11.3 ± 3.6 km s −1 for the primary and secondary, respectively, supporting the notion that they constitute a physical pair. (2) Astrometry from AllWISE positions (Cutri & et al. 2014 ).
3 OBSERVATIONS AND DATA
Spectra
Low-resolution red (∼5600Å-6900Å) optical spectra were obtained from the SMARTS 1.5m telescope at Cerro Tololo InterAmerican Observatory (CTIO), Chile. Observations were made in queue mode with the RC spectrograph between July 2009 and October 2010, and in classical mode during the nights of UT 7-17 April 2010. The spectra were taken with the "47/Ib" setup, which consists of a grating with groove density of 831 grooves mm −1 , blaze wavelength 7100Å, a GG495 filter and a slit width of 110.5µm, giving a spectral resolution of ∼3.1 Å in the red optical. One comparison arc of Ne was taken immediately before three consecutive exposures of each target. The data were reduced using the SMARTS RC Spectrograph IDL pipeline written by Fred Walter 1 . The three object images are median filtered, bias-trimmed, overscan-and bias-subtracted, and flat-fielded. The spectrum is wavelength-calibrated using the Ne comparison frames. Finally, we normalize the spectra to the continuum with a low order spline in preparation for spectral classification.
In addition, we reanalyzed the low resolution spectra from the Mamajek et al. (2002) study. These blue and red spectra were taken at Siding Springs Observatory in UT 20-24 April 2000. The blue spectra have spectral resolution of ∼2.8Å with spectral coverage of ∼3850-5400Å. The red spectra have spectral resolution of ∼1.3Å with spectral coverage of ∼6200-7150Å. Further details regarding these spectra are described in Mamajek et al. (2002) .
Photometry
Our compiled photometry is listed in Table 1 . Six of our candidates have BV photometry available from the Hipparcos catalog, and we adopted it where possible. For ∼130 candidates, we adopted BV photometry from the Tycho-2 Catalog (Høg et al. 2000) , converted to the Johnson system using the conversions in Mamajek et al. (2002 Mamajek et al. ( , 2006 . For ∼350 candidates, we adopted BV photometry from the AAVSO Photometric All-Sky Survey 2 (APASS) Data Release 6 and Data Release 7 (Henden et al. 2012) . and the Search for Associations Containing Young stars catalog (SACY; Torres et al. 2006) for ∼100 candidates. For stars with V < ∼ 12 mag, conservative estimates for SACY photometric uncertainties are 0.01 mag (C.A.O. Torres, 2012 private communication) . We adopt JHK S photometry from the Two Micron All-Sky Survey Point Source Catalog (2MASS; Skrutskie et al. 2006) . We adopt 2MASS aperture photometry when the PSF is poorly fit as indicated by the quality flags ("qflg" other than 'A') in the 2MASS catalog. These data are indicated in the notes of Table 1 .
For candidate members, we use mid-IR photometry from the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010; . We visually examined all images of members which exhibit infrared excesses (identified in section 4.9.2) in one or more WISE bands. We flagged photometry which could be affected by blends with adjacent objects, unresolved binaries, or extended emission from nearby bright stars. We exclude photometry with unreliable detections or uncertainties exceeding 0.25 mag. We followed the scheme for evaluating the photometry in Luhman & Mamajek (2012) . Our mid-IR WISE photometry is listed in Table 3. A few stars in our sample had WISE photometry contaminated by nearby objects. PDS 415 and CD-23 12840 are a ∼4 binary, but only CD-23 12840 is in the PPMX catalog and thus only CD-23 12840 is in our sample. Both components of the pair are listed in the WISE All-Sky catalog but CD-23 12840 has K S −W 1 < 0.0. Examination of the WISE images shows the two are blended. PDS 415 is detected as an infrared source in the AKARI catalog (Ishihara et al. 2010 ) but CD-23 12840 is not detected. Thus we conclude that PDS 415 is the source of the infrared excess and the CD-23 12840 K S band excess may be spurious. We exclude the CD-23 12840 WISE photometry. HD 326277 is blended with a nearby object in W 1 and W 2 and had no reliable detection in W 3 and W 4. HD 326277 has Spitzer 3.6µm and 4.5µm IRAC photometry in GLIMPSE ([3.6]=8.165±0.040 mag, [4.5]=8.178±0.044 mag; Churchwell et al. 2009 ) which differs from the WISE W 1 and W 2 by ∼0.5 mag. This suggests that the WISE photometry for this star is contaminated by blends and therefore we exclude the WISE photometry for HD 326277.
Astrometry
Although our original selection scheme utilized proper motions from the PPMX catalog, we adopt proper motions for our analysis from several catalogs, including the Hipparcos catalog (van Leeuwen 2007), the Tycho-2 catalog (Høg et al. 2000) , the PPMX catalog (Röser et al. 2008 ) and the UCAC4 catalog (Zacharias et al. 2013) . At the time we performed our sample selection, the PPMX catalog the most complete homogeneous proper motion catalog with absolute proper motions (i.e., on the International Celestial Reference System, or ICRS; Röser et al. 2008) . However, for our analysis we make use of proper motions for kinematic distance estimates, and therefore desire the most precise and well-constrained proper motions available. Therefore, for our calculations, we select the source catalog on a case-by-case basis, adopting the proper motions which have the smallest uncertainties. The majority of our adopted proper motions listed in Table 1 are from the UCAC4 catalog.
ANALYSIS

Spectral Classification
The optical spectra were visually classified against a dense grid of carefully chosen spectral standards 3 with spectral coverage from ∼5600Å-6900Å. We use the same spectral standards and classification criteria as described in . The G/K stars are on the classification system of Keenan & McNeil (1989) and the M-type stars are on the classification system of Kirkpatrick et al. (1991) .
While estimating temperature types for our sample we ignored the Na I doublet at ∼5889/5896Å because it increases in strength with surface gravity, and is thus useful in discriminating between dwarfs and giants. For those pre-main sequence (pre-MS) members of Sco-Cen, we expected these to have a Na I doublet line similar to but weaker than dwarfs (Spinrad 1962; Lawson et al. 2009; Schlieder et al. 2012) . Once a temperature type had been established, we compared the Na I doublet to that of a dwarf and a giant of the same temperature subclass, assigning an appropriate luminosity class. In a few cases the star had a Na I doublet feature which closely resembled a giant (luminosity class III) but the relative strength of the Ca I at λ 6102, λ 6122 and λ 6162 lines relative to the Fe I line at λ 6137 resembled that of a dwarf (luminosity class V). In these cases we assigned the intermediate luminosity class of a subgiant (luminosity class IV). For the early to mid G-type stars, the Na I doublet for subgiants is nearly indistinguishable from that of dwarfs (see Figure 2) , so the Na I doublet was only used to assign luminosity classes from spectral type ∼G5 to ∼M3. All infrared photometry (W 1, W 2, W 3 and W 4) above is adopted from the WISE catalog . Only the first five rows are shown; this table is available in its entirety in the electronic version of the journal.
We also revised the spectral classifications for Sco-Cen members studied in Mamajek et al. (2002) . The spectral types from Mamajek et al. (2002) were tied very closely to those of the Michigan Spectral Survey (Houk 1978 (Houk , 1982 . spectra were re-classified by M. Pecaut during the survey of using the standards of Keenan & McNeil (1989) , and systematic differences were noted. In Table 4 we adopt the revised classifications for the Mamajek et al. (2002) stars. There are clearly systematic differences between the Michigan types and those on the modern MK system (as noted in Appendix C.1 of . Put simply, a G2V star classified in the Michigan survey corresponds more closely to a G0.5V on the modern grid of G-dwarf standards (Keenan & McNeil 1989) , as classified by collaborators (e.g. Gray et al. 2003, 2006) . This is verified by comparison of the colors and effective temperatures of stars classified both by Houk and Gray et al. While the Michigan survey mostly relied on the MK system of Johnson & Morgan (1953) (including changes up through early 1970s), there were minor shifts to the MK system for stars hotter than G0 by Morgan (Morgan & Keenan 1973; Morgan et al. 1978) , and for GK-type stars by Keenan & McNeil (1989) after the Michigan survey was initiated in the late 1960's. The modern M dwarf classifications rely on the standard sequence of Kirkpatrick et al. (1991) and its later additions (e.g. Henry et al. 2002) . The spectral classification surveys of bright stars undertaken by Gray and collaborators (Gray et al. 2001 (Gray et al. , 2003 (Gray et al. , 2006 are based on the last generations of Morgan's and Keenan's hot and cool star spectral sequences (Morgan et al. 1978 , Keenan & McNeil 1989 which are in common modern use. We compared stars of given spectral type in the Michigan survey to those of Gray et al. (2001 Gray et al. ( , 2003 Gray et al. ( , 2006 , and in Table 5 we provide an estimate of the modern dwarf spectral type for given Michigan spectral types. Very few of the Michigan spectral classes appear to correspond closely to the same type of star on the modern MK grid (e.g. F6V, K0V, K3V being rare exceptions). Unfortunately, the differences are most pronounced in the early G-type dwarfs, where Michigan G2V corresponds to Gray's G0.5V, Michigan G3V corresponds to G1.5V, etc. This is partially due to Houk's choice of G dwarf standards (e.g. using β Com as their G2V standard, despite it being considered a G0V or F9.5V standard elsewhere), but also due to Keenan's minor adjustments to the G dwarf standards throughout the 1980's. As the Keenan & McNeil (1989) grid defines the modern GK dwarf sequence and is common use, classifications that used this grid are to be considered on the modern MK system following Table 5 . For intercomparison of samples of stars classified in the Michigan survey with samples classified on the modern MK system, we recommend converting the Michigan spectral types to the modern MK system using the conversions in Table 5 . None map exactly to G2V. 
Distance Calculation
Very few of our candidate members have measured trignometric parallaxes, so we estimate distances to each candidate by calculating a "kinematic" or "cluster" parallax (e.g., de Bruijne 1999a). This method uses the centroid space motion of the group with the proper motion of the candidate member and the angular separation to the convergent point of the group to estimate the distance to the individual member, with the assumption that they are co-moving. We emphasize that kinematic parallaxes are only meaningful for true members and meaningless for non-members. Kinematic parallaxes have been shown to reduce the scatter in the H-R diagram for cluster members over trignometric parallaxes (de Bruijne 1999b) . We adopt the formalism and methods of Mamajek (2005) and adopt the updated Sco-Cen subgroup space motions listed in Chen et al. (2011) . In addition to providing improved distance estimates over simply adopting the mean subgroup distances, the kinematic parallaxes allow us identify non-members and assess the likelihood that the candidate member is a bona-fide member.
Membership Criteria
In order to identify likely members from our sample, we demand that all available data paint a consistent picture of association membership, and therefore consider several indicators to discriminate against interlopers. Based on previous surveys (see Preibisch & Mamajek 2008 , and references therein), we expect the K and Mtype stars to be pre-MS, and therefore have Li absorption stronger, on average, than that of a ∼30-50 Myr-old population. We also expect that they will exhibit surface gravities intermediate between dwarfs and giants. We identify those stars which have the following:
(i) Appropriate levels of Li absorption in their spectra, using the Li 6708Å line, (ii) Dwarf or subgiant surface gravities, using the Na I doublet at 5889/5896Å, (iii) Kinematic distances consistent with Sco-Cen, (iv) H-R diagram positions broadly consistent with membership in Sco-Cen (e.g., neither below the main sequence nor above a 1 Myr isochrone).
We discuss these criteria in detail in the following sections. Borderline cases were examined closely.
Lithium
Pre-MS stars transition from fully convective to having deep convective envelopes with radiative interiors during their contraction. These stars can mix Li from the stellar photosphere throughout the convection zone down to interior regions of the star where it is destroyed at T > ∼ 2.6 MK (Bodenheimer 1965; Strom 1994) . Thus, for ∼0.7-1.3 M stars like those targeted in this study, a high photospheric Li abundance is only present when the star is very young. Based on the published ages (de Geus et al. 1989; Preibisch & Zinnecker 1999; Mamajek et al. 2002; Pecaut et al. 2012) , we expect members of Sco-Cen to exhibit stronger Li absorption lines at a given T eff , on average and within some acceptable scatter, than a ∼30-50 Myr sample.
We measured the equivalent width of the 6708Å Li feature for all stars in our spectroscopic sample. The values were measured Note:
Polynomial fit is valid from log(T eff )=3.800 dex to 3.580 dex.
with IRAF 4 with Vogt profiles after the spectrum was normalized to the continuum. Given our spectral resolution and the repeatability of our measurements, we estimate that our reported EW(Li) values are accurate to ∼0.05Å. The 6708Å feature is a blend with a nearby Fe I line at 6707.44Å, unresolved at our resolution, and thus our EW(Li) values are probably overestimated by ∼0.02Å. However, this is smaller than our uncertainties and we do not attempt to correct for this blend. Many stars in our parent sample were not observed because they had EW(Li) values available in the literature; for these stars we simply adopted the previously published values. We compare our EW(Li) measurements at a given T eff to those in nearby open clusters. In Figure 1 we plot T eff versus EW(Li) for our sample along with data for the young open clusters IC 2602 (Randich et al. 1997 ) and the Pleiades (Soderblom et al. 1993; Jones et al. 1996) . Most stars in our sample exhibit much larger EW(Li) at a given T eff than either IC 2602 (∼45 Myr; Dobbie et al. 2010) or the Pleiades (∼125 Myr; Stauffer et al. 1998) . These data suggest that Li is largely undepleted for the ∼10-16 Myr-old stars in Sco-Cen hotter than spectral type ∼K3, but the Li depletion becomes very strong for stars cooler than ∼K3 (∼1.1 M ). We fit low-order polynomials to the IC 2602 and Pleiades T eff versus EW(Li) data; the polynomial coefficents are listed in Table 6 . For our Li-based membership criterion, if the EW(Li) was above the polynomial fit to IC 2602 we marked that star as 'Y' in Table 4 ; if EW(Li) was below the IC 2602 polynomial fit but above the Pleiades polynomial fit, we marked it as 'Y?', and if the EW(Li) is below the Pleiades polynomial fit we marked it as 'N'. Stars studied in Preibisch & Zinnecker (1999) , Köhler et al. (2000) and Krautter et al. (1997) were confirmed as Li-rich but the measurements were not reported. We marked these candidates as 'Y' in Table 4 . In total, we marked 482 candidates as 'Y', 153 as 'N', and 38 as 'Y?'.
Surface Gravity
Based on previous nuclear and pre-MS age determinations of the subgroups of Sco-Cen Pecaut et al. 2012) , the low-mass stars in Sco-Cen are expected to be pre-main sequence with surface gravities intermediate between dwarfs and giants. For candidates in our spectroscopic sample we can examine spectral features sensitive to surface gravity, primarily the Na I doublet at 5889Å/5896Å. Details on using Na I as a surface gravity indicator for identifying young stars is discussed in detail in Schlieder Figure 1 . Measured EW(Li) from the 6708Å line plotted against log(T eff ) for our X-ray sample. Plotted dashed lines are polynomial fits to data from surveys in IC 2602 (Randich et al. 1997 ) and the Pleiades (Soderblom et al. 1993; Jones et al. 1996) . The location of the EW(Li) for our Sco-Cen candidate members is used to determine the membership indicator in Table 4 . Those above the IC 2602 curve are marked "Y", those above the Pleiades curve are marked "Y?", while candidates below the Pleiades are marked "N". The solid curve is a polynomial fit to the Sco-Cen candidates marked "Y"; the polynomial coefficients are listed in Table 6. et al. (2012) . The Na I doublet decreases in strength at a given T eff as surface gravity decreases. However, the observed strength of the Na I doublet in subgiants among G-type stars is difficult to distinguish from dwarfs. The differences in the Na I doublet strength between dwarfs and subgiants becomes more useful in mid-K-type spectra, as shown in Figure 2 . For this reason we are fairly conservative in our surface gravity membership criterion, marking Gtype stars with luminosity classes of 'IV' with 'Y', 'V' with 'Y?' and 'III' with 'N'. Note that we only use this criterion for stars which we have observed spectroscopically; luminosity classifications from other authors for stars in our parent sample are not used for this criterion. We assigned 345 stars into these two categories, with 300 marked as 'Y?' and 45 marked as 'N'.
Distances
As mentioned previously, the majority of our sample lack trigonometric distance estimates. However, if we calculate a kinematic parallax estimate using the best available proper motion, we can then estimate distances for each star in our sample and verify that this lies within the range of expected distances for the association. Stars with discrepant kinematic distances are identified as non-members. We use the results of the membership study of Rizzuto et al. (2011) , which makes use of the revised Hipparcos trignometric parallaxes (van Leeuwen 2007) , to establish our distance criteria. Based on the spatial distribution of their candidate members, Rizzuto et al. (2011) concluded that strict boundaries between the subgroups are somewhat arbitrary, so we do not use distinct kinematic distance criteria for each subgroup. To establish parallax (ϖ) limits based on galactic longitude and latitude (l, b), we fit a plane to the B-type members with membership probabilities >50% from the Rizzuto et al. (2011) study, obtaining:
. Measured EW(Na) from the Na I doublet at 5889Å/5896Å line plotted against log(T eff ) for our spectroscopic sample. Plotted are polynomial fits to dwarf and giant spectral standard stars used for classification.
with mean galactic coordinates < l >= 328.579 • , < b >= 13.261 • . The 1σ dispersion in the fit is σ ϖ 1.25 mas. Therefore we model the shape of Sco-Cen with a continuous plane and depth characterized by 1σ dispersion of ∼1.25 mas. For our kinematic distance criteria, we mark stars with 'Y' in Table 4 if their kinematic parallaxes are within the 2σ (95% C.L.) dispersion from the plane described above, and 'Y?' if they are between 2σ and 3σ . We mark stars with 'N' if they are beyond 3σ of the dispersion from the plane. This criteria effectively provides different distance limits as a function of galactic longitude and latitude, giving typical 2σ distance limits of 141 
HRD position
As a final membership check, we place these stars on the H-R diagram using their kinematic distances, which, for this purpose, assumes they are co-moving with other members in the association. Objects that have H-R diagram positions inconsistent with membership, e.g., below the main sequence, are rejected. Below we discuss the few stars which were Li-rich and fell inside our kinematic distance criteria but were rejected because they had discrepant H-R diagram positions. Two stars were rejected since they fell below the main sequence and two stars were rejected since they were well above the 1 Myr isochrone. Unresolved binarity is insufficient to account for these discrepant positions. Further analysis can be found in section 4.5.
Interlopers
US: HD 144610 is a Li-rich K1IV-III which has a kinematic parallax of π kin =3.41±0.69 mas which is consistent with a H-R diagram position of log(T eff )=3.70±0.01, log(L/L )=1.42±0.18, well above the 1 Myr isochrone, so we reject it.
UCL: 2MASS J14301461-4520277 is a Li-rich K3IV(e) which, using the kinematic parallax of π kin = 10.92 ± 0.92 mas, has an H-R diagram position well below the main sequence (log(T eff )=3.66±0.02, log(L/L )=-0.91±0.08), so we reject its membership to UCL. 2MASS J16100321-5026121 is a Li-rich K0III ) which lies well above the 1 Myr isochrone (log(T eff )=3.70±0.01, log(L/L )=1.16±0.08), calculated using the kinematic parallax of π kin = 4.19 ± 0.38 mas, so we consider a UCL interloper.
LCC: 2MASS J10111521-6620282, lies well below the main sequence, with log(T eff )=3.70±0.01, log(L/L )=-0.86±0.09, calculated using the predicted kinematic parallax of π kin =9.63±0.94 mas. This is puzzling because it is a Li-rich K0IV, with a proper motion in excellent agreement with membership in LCC. It does not exhibit an infrared excess which could be a signature of an edge-on disk, and the B − V and V − K S colors are consistent with a negligibly reddened young K0. However, it is ∼0.4 dex underluminous for the main sequence, so we consider it a likely LCC interloper.
Final Membership Assessment
Though we require the Li, surface gravity indicators, kinematic distance criterion, and H-R diagram criterion to indicate membership, the Li and kinematic distance criteria are the most restrictive and are responsible for identifying most non-members. Stars with 'Y' or 'Y?' in each of the four membership categories have been identified members of Sco-Cen. Though we have made every effort to remove interlopers, our list of candidate members may still contain a few non-members, though it will be dominated by true members. From our current sample, we identify 493 stars as likely members, listed in Table 7 . The 180 stars rejected as Sco-Cen members are listed in Table 8 . 156 are newly identified young stars. Table 5 
Extinction
We estimate the reddening and extinction for Sco-Cen members using the spectral type-intrinsic color sequence for pre-MS stars described in . These intrinsic colors are calibrated using low-mass members of nearby moving groups which have negliglible extinction, and bracket the age range of the ScoCen subgroups (5-30 Myr). Many of the stars in our sample have very low reddening, and where we obtained a non-physical negative extinction we set the extinction to zero. We used a total-to-selective extinction of R V =3.1 and calculated E(B-V), E(V-J), E(V-H), and (Fiorucci & Munari 2003) which allowed us to estimate extinctions to each star individually using as many as four different colors. We adopted the median A V , and adopted the standard deviation of the A V values as a conservative estimate of their uncertainty. For the stars which lack reliable V band photometry, we estimate their extinctions using E(J-K S ). Our extinction estimates are listed in Table 7 .
H-R Diagram for Sco-Cen Members
We place our Sco-Cen members on a theoretical H-R diagram in order to compare with theoretical models and obtain individual isochronal age estimates. We adopt the effective temperature scale (T eff ) and bolometric correction (BC V ) scale from the Pecaut & Mamajek (2013) study 5 , which was constructed specifically for 5-30 Myr old pre-MS stars. This T eff and BC V scale was derived by fitting the spectral energy distributions of members of young, nearby moving groups to the BT-Settl theoretical atmospheric models (Allard et al. 2012) . Though this T eff and BC scale is dependent on model atmospheres, the method used to develop the resultant T eff scale is in good agreement with T eff values derived from angular diameter measurements (e.g., Boyajian et al. 2012) . We combine our individual extinction estimates together with our kinematic parallaxes and 2MASS J-band magnitudes to estimate the bolometric luminosities of our stars and place them on a theoretical H-R diagram. We compare our data to the pre-MS models of Dotter et al. (2008) in Figure 3 . There is considerable scatter in the H-R diagram so we construct empirical isochrones by plotting the median luminosity along the H-R diagram. Though there is some scatter, the relative age rank of the three groups is consistent with that found in Mamajek et al. (2002) , Preibisch & Mamajek (2008) , Pecaut et al. (2012) ; from oldest to youngest: LCC, UCL and US, with UCL and LCC approximately coeval. The other striking feature of the empirical isochrones is the mass-dependent age trend. The lower mass stars appear younger against the theoretical isochrones than the higher mass stars. This is the same mass-dependent age trend seen in other studies (e.g., Hillenbrand 1997; Hillenbrand et al. 2008; Bell et al. 2012 Bell et al. , 2013 Bell et al. , 2014 . The likely origin of the mass-dependent age trend is difficulties in handling convection with magnetic fields in young, low-mass stars in the evolutionary models, perhaps due to missing physics (see e.g., Feiden 2016) . At an age of 10 Myr and 15 Myr, our observational uncertainties yield individual age uncertainties of ±3 Myr and ±4 Myr, respectively. 
Ages
The presence of massive stars in OB associations also allows for the opportunity for a comparison of ages obtained through different parts of the H-R diagram. As massive stars burn through their nuclear fuel, they will expand and leave the main sequence. At the same time, the pre-main sequence members of the OB association will be contracting towards the main sequence. The evolutionary models will predict ages for each of these segments of the H-R diagram, but different aspects of stellar physics are important in each of these segments. In this section, we examine the ages for both the low-mass pre-MS stars as well as the massive main sequence turn-off stars.
Pre-MS Ages
We estimate individual ages for our pre-MS Sco-Cen members by linearly interpolating between theoretical model isochrones. We use the Dartmouth models (Dotter et al. 2008) , the Pisa models (Tognelli et al. 2011) , the PARSEC models (Chen et al. 2014) , and the Exeter/Lyon models (Baraffe et al. 2015) . These models each assume slightly different stellar compositions, but are each calibrated to reproduce the H-R diagram position of the Sun at its current age. The Dartmouth evolutionary models adopt the Grevesse & Sauval (1998) Figure 5 . We obtain median ages of 5±2 Myr, 9±1 Myr and 8±1 Myr (standard error of the median) for US, UCL and LCC, respectively. Surprisingly, these ages are half the mean ages obtained from the F-type members of Sco-Cen . Given the large T effdependent trend with age (Figure 4) , we decide against adopting mean subgroup ages based on the K-and M-type members of ScoCen. A detailed discussion of our reasoning is available in section 5.1.
In order to extract useful age estimates for the subgroups, we re-examine the G-type pre-MS ages as well as the main-sequence turn-off ages. We do this for two reasons, other than the obvious desire to quote reliable mean ages. The first reason is that estimating realistic intrinsic age spreads requires a reliable age as free of systematic uncertainties as possible. We use Monte Carlo simulations to constrain our intrinsic age spreads, taking into account realistic binarity statistics and observational uncertainties, the details of which are described in section 4.7. Because isochrones evenly spaced in age will not generally be evenly spaced in luminosity, a large intrinsic spread in luminosity at a young age could still be consistent with a small age spread, whereas the same intrinsic spread in luminosity at an older age would imply a larger intrinsic age spread. The second reason we reevalute the G-type ages and nuclear ages is that updated T eff and bolometric corrections (BCs) have been made available since the ages were last estimated in Mamajek et al. (2002) . For the hot stars, Nieva (2013) used modern non-local thermodynamic equilibrium (NLTE) spectral synthesis models to re-evaluate the T eff and BC scale for the massive OB stars (34,000 K > T eff > 15,800 K). Their results for dwarfs and subgiants are 1500-6000 K hotter than the scale of Napiwotzki et al. (1993) that was adopted in the study of Mamajek et al. (2002) . As previously mentioned, have constructed an updated T eff and BC scale applicable to the Sco-Cen G-type stars. Both of these studies should allow us to place Sco-Cen members on the H-R diagram with reduced systematic uncertainties.
Isochronal Ages for G-type Pre-MS Stars
To estimate the ages of the G-type pre-MS stars, we collect the Gtype members from this study together with those in Walter et al. (1994) , Preibisch & Zinnecker (1999) , Mamajek et al. (2002) , and Preibisch & Mamajek (2008) . We supplement this with G-type stars studied in Torres et al. (2006) in the Sco-Cen field which are Lirich and have proper motions consistent with membership; G-type stars identified as members here conform to the membership criteria discussed in section 4.3. The stellar properties for these stars are listed in Table 7 and Table 9 , together with the median mass and age obtained through a comparison of their H-R diagram positions with the evolutionary models of Dotter et al. (2008) , Tognelli et al. (2011 ), Chen et al. (2014 , and Baraffe et al. (2015) . Table 7 . Ages and masses were estimated using the median of Baraffe et al. (2015) , Chen et al. (2014) , Tognelli et al. (2011) and Dotter et al. (2008) evolutionary models. We report the Houk types for the stars HIP 78581 (G1V), HIP 79462 (G2V) and HIP 80535 (G0V), but adopt the T eff and BC for the equivalent Gray types in our calculations. See Table 5 for the conversions and section 4.1 for discussion. (2013); we adopt the median T eff when available. We note that the calibrations derived by Nieva (2013) give systematically hotter T eff than the calibrations of Napiwotzki et al. (1993) and Balona (1994) , which were used in Mamajek et al. (2002) and Pecaut et al. (2012) , respectively, in the most recent estimation of Sco-Cen nuclear ages. Because of this we expect to obtain younger turn-off ages than previously estimated. Our stellar parameters for the main-sequence turn-off in ScoCen are listed in Table 10 , along with an individual age estimate of each object from a comparison the rotating tracks of Ekström et al. (2012) , rotating at v eq = 0.4v crit , with the H-R diagram position of the stars. A plot of the main-sequence turnoff for all three subgroups is shown in Figure 6 . To estimate the turnoff age of Upper Sco we use τ Sco, ω Sco, σ Sco, β 1 Sco, π Sco, and δ Sco. We obtain a median turn-off age for US of ∼7 Myr. We concur with de that o Sco is unlikely to be a US member. 6 For Upper Centaurus-Lupus, we use µ Cen, δ Lup, α Lup, µ 1 Sco, µ 2 Sco, β Lup, γ Lup, ν Cen, η Cen, η Lup, φ Cen, ε Lup, κ Cen, and HR 6143. We obtain a median age for UCL of ∼19 Myr. For Lower Centaurus-Crux, we use α 1 Cru, β Cru, β Cen, δ Cru and α Mus. We obtain a median age of ∼11 Myr. Note that these are all in the southern part of LCC, for which Preibisch & Mamajek (2008) estimated ∼12 Myr. There are no turnoff stars in the northern part of LCC, the hottest of which appear to be older (∼20 Myr). Our nuclear median subgroup ages are summarized in Table 11.   6 o Sco is an A5II (Gray & Garrison 1989 ) with a parallax of 3.71±0.54 mas (van Leeuwen 2007) . Its evolutionary status, proper motion, and distance (∼270 pc) are inconsistent with membership in Upper Sco. Uncertainties reported above are the standard error of the mean which represents the uncertainty in how well the mean value is characterized; these numbers do not represent the spread in ages. Median ages are derived considering the B-type main-sequence turn-off, the F-type pre-MS turn-on and the pre-MS G-type stars in each subgroup. a Adopted F-type Pre-MS ages from Pecaut et al. (2012) .
We summarize our derived nuclear, F-type pre-MS and G-type pre-MS ages in Table 11 with our adopted values for each subregion.
Intrinsic Age Spreads
The H-R diagram positions of Sco-Cen members have a large degree of scatter, and hence a large apparent scatter in inferred ages. Some of this scatter is due to observational uncertainties and unresolved multiplicity, but some scatter may be due to true age spreads within the subgroups. Previous studies have found very small intrinsic age spreads in US, but larger age spreads in UCL and LCC Slesnick et al. 2006; Mamajek et al. 2002; Preibisch & Mamajek 2008; . We perform Monte Carlo simulations in order to model the scatter caused by the observational uncertainties, the effects of unresolved binarity, and an intrinsic age spread. We create many populations of 10 4 simulated members with a gaussian distribution of ages, assuming a Kroupa (2001) initial mass function (IMF), a spot filling factor from 0% to 50%, a multiplicity fraction of 0.44 and companion mass ratio distribution given by a flat power law distribution with γ=0.3 (using multiplicity properties for 0.7 M < ∼ M * < ∼ 1.3 M population I main sequence stars as summarized in Duchêne & Kraus 2013 and Raghavan et al. 2010) . To create the simulated population, each star is assigned a mass and an age, determined to be either binary or single, assigned a companion mass if binary, and assigned a spot coverage ratio from a random uniform distribution ranging from 0% to 50%, which alters its H-R diagram position according to the Somers & Pinsonneault (2015) correction factors. We then introduce dispersion in their H-R diagram positions with the median observational uncertainties from our sample. This is designed to simulate a population with a given mean age, an intrinsic age spread, the effects of unresolved binarity, cool spots, and observational uncertainties. Following Hillenbrand et al. (2008) , we compare the the observed luminosity spreads around the empirical isochrones in Sco-Cen members to the simulated luminosity spreads. We emphasize that in this comparison, we only compare the distributions of luminosities around the median. We do not compare the median ages obtained since we observe a massdependent age trend. However, unlike Hillenbrand et al. (2008) , we only model star formation with a given mean age and intrinsic (gaussian) spread, rather than consider accelerating star formation or other distributions of ages. Age spreads were estimated comparing observed luminosity spreads to simulated populations with a given intrinsic age spread, taking into account multiplicity, spots and observational uncertainties. Adopted median ages are listed in Table 11 .
We compare our observed luminosity spread with the luminosity spread from the simulations using a Anderson-Darling goodness-of-fit test (e.g., Hou et al. 2009 ), and adopt the age spread which best matches the simulated luminosity spreads for each ScoCen subgroup. We adopted the median subgroup ages listed in Table 11 as the mean age of our simulated populations to compare the luminosity spreads in our simulations to those from our observations. We adopt 1σ gaussian age spreads of ±7 Myr, ±7 Myr and ±6 Myr for US, UCL and LCC, respectively. A plot showing the best matches to the observed luminosity spreads is shown in Figure 7 . Our results are summarized in Table 12 . These age spreads indicate that 68% of star formation in each subgroup occured over a period of ∼14 Myr for US and UCL, and over a period of ∼12 Myr for LCC.
Spatial Variation of Ages
Blaauw (1964) divided Sco-Cen into the subgroups Upper Scor-pius, Upper Centaurus-Lupus and Lower Centaurus Crux. However, Rizzuto et al. (2011) notes that, based on their updated membership study of Sco-Cen, the distribution of probable members indicates that the subgroups cannot be defined in a non-arbitrary manner. US has consistently been shown to be younger than the other two subgroups, and UCL and LCC have typically been assigned similar ages (Preibisch & Mamajek 2008; Mamajek et al. 2002; Pecaut et al. 2012) . Given the large spatial extent of UCL and LCC, however, it is too simplistic to place them into two groups, each characterized by a single mean age. For example, the ∼ 50 pc size of LCC and adopted mean age of ∼ 17 Myr leads to an expected individual age uncertainty of ∼50%, or ∼8 Myr, based on a star formation timescale-size relation (see discussion in Soderblom et al. 2014 ). Here we attempt to examine the age structure of the entire association to discern if we see evidence for spatial substructure based on systematic differences in age as a function of position on the sky.
One possible method to investigate spatial variations of ages would be to simply evaluate the age of each member against pre-MS evolutionary tracks and spatially average their ages to create an age map. However, given the strong mass-dependent age trend we find with all the evolutionary tracks, this would tend to show regions with large numbers of low-mass stars as younger regions, when in fact this may be a systematic effect due to the evolutionary tracks. Therefore we do not use this method.
Systematically younger regions will tend to be more luminous than the mean association luminosity as a function of T eff . This is comparison does not depend on any theoretical models. To probe for statistically significant spatial variations of ages, independent of any evolutionary tracks, we look for concentrations of stars which lie above or below the average luminosity as a function of T eff . We use all the pre-MS members which have been studied spectroscopically. We place all stars from all three subgroups together on the H-R diagram and construct an empirical isochrone for the entire association, by fitting a line to log(L/L ) as a function of T eff . This is plotted in Figure 8 . Each star lies on the H-R diagram above or below this empirical isochrone. For each star we calculate this offset in units of the luminosity spread σ above or below the linear fit:
We then spatially average their offset, above or below the empirical isochrone, in galactic coordinates, shown in Figure 9 . Regions on the sky with stars which are systematically more luminious than the average of the association will lie systematically above the empirical isochrone and will appear on the age map as younger. Likewise, stars in older regions will tend to be less luminous on average than the average of the association. In Figure 9 , we plot a spatial intensity map of the median offset from the empirical isochrone. The colored regions in Figure 9 correspond to the same colored regions above or below the empirical isochrone in Figure 8 . Spatially averaging their offset from the empirical isochrone allows us to determine which regions have concentrations of systematically younger or older stars, relative to the age of the entire association, and independent of any theoretical models. This method avoids biases due to any mass-dependent age trends, and can identify younger or older regions without reference to any evolutionary tracks. The median distance of the F-and G-type stars is within ∼4 pc of the median distance of the K-type stars in each subgroup, and is not systematically biased nearer or farther. Furthermore, the variable extinction across the association ranges from ∼ 0.0−0.5 mag (25% to 75% interquartile range), which would not significantly bias the spatial distribution of ages. Thus it is likely F0  F5 G0  G5  K0  K3  K5 K7 M0 All Sco-Cen fit Accretors Figure 8 . Empirical isochrone for 657 F/G/K-type members of all subgroups of Sco-Cen. We fit a line to create the empirical isochrone. We use individual stars' offsets above or below this empirical isochrone to create a relative age map, shown in Figure 9 . The colored regions shown here correspond to the ages on the map in Figure 9 .
that our selection methods do not exhibit any systematic spatial biases for younger or older ages across the association that would bias the age map. We wish to assign mean isochronal ages of these regions using evolutionary models. In order to assign ages to the regions shown on the map, we use the F5 through G9 stars to anchor the regions to an age. For example, the F5 through G9 stars that lie 0.33σ to 0.66σ below the median isochrone, irrespective of their location in the association, have a median age of 18 Myr. Therefore, any region with a median offset of 0.33σ to 0.66σ below the empirical isochrone is assigned an age of ∼18 Myr. The age map makes use of 657 F-M pre-MS stars to establish relative ages from the mean Sco-Cen empirical isochrone, but the ages are adopted from the F5-G9 stars. We discuss our motivations for adopting the F-and G-type ages in section 5.1. Spatial distribution of 657 F/G/K/M-type pre-MS members (solid dots) with spatially averaged median ages plotted on a "age map". The map is created by evaluating the median luminosity offset relative to the spread in luminosity
) of stars in a 5
• radius each (l, b). These offsets are then correlated with ages using the F5 through G9 stars that fall in those offset bins. We have masked the age map over regions cospatial with the Ophiuchus and Lupus clouds. 
Circumstellar Disks
Spectroscopic Accretion Disk Fraction
Giant planet formation is fundamentally limited by the lifetimes of gas-rich protoplanetary disks surrounding the host star (Pollack et al. 1996 ). The gas disk dissipation timescale therefore provides an upper limit to the giant planet formation timescale. Differences in disk dissipation timescales for stars in different mass bins can provides critical data for inferring how the planet formation process differs around stars of various masses. Additionally, a census for gas-rich circumstellar disks allows for follow-up studies of the gas disk itself (e.g., Zhang et al. 2013) or the star-disk interaction (e.g., Bouvier et al. 2007; Nguyen et al. 2009 ).
Here we perform a census of accretion disks for our sample using Hα emission as an accretion diagnostic. Various criterion have been proposed using Hα as an accretion indicator, and we adopt the spectral type dependent empirical criterion of Barrado y Navascués & Martín (2003) . If our measured or adopted EW(Hα) (see Table 7 ) exceeds the Barrado y Navascués & Martín (2003) criterion, we count the object as an accretor. Our accretion disk fraction excludes the 28 Sco-Cen members in our sample which lack Hα measurements. Sample spectra for Sco-Cen members with Hα in emission consistent with accretion are shown in Figure 10 .
Using the Barrado y Navascués & Martín (2003) criteria, we identified 10/108 accretors in US, or a spectroscopic accretion disk fraction of 9.3 +3.6 −2.1 %. In UCL and LCC we have 5/154 and 4/127 accretors, or spectroscopic accretion disk fractions of 3.2 +2.1 −0.9 % and 3.1 +2.4 −0.9 %, respectively. These disk fractions include all K and Mtype members in our sample with EW(Hα) measurements, and therefore have masses predominantly ∼0.7-1.3 M , with a few Mtype stars as low as ∼0.5 M ; for statistics on the K-type members only, refer to Table 13 .
Infrared Excess Disk Fraction
Infrared photometry can be used to identify the presence of circumstellar matter with different wavelengths used to probe matter at different temperatures. To probe cooler, dusty debris around young stars, 20µm and longer wavelengths are useful. We examine ScoCen members for excesses in H-K S , K S -W 1, K S -W 2, K S -W 3, and K S -W 4 colors, shown in Figure 12 and Figure 14 , in order to identify Sco-Cen members exhibiting IR excesses which may indicate the presence of a disk and allow us to infer its evolutionary state. These stars are also plotted against Hα equivalent width (EW(Hα)) in Figure 13 , demonstrating that accreting stars identified with the Barrado y Navascués & Martín (2003) EW(Hα) criteria also typically exhibit a W 1 band excess due to the presence of a warm cir- cumstellar gas disk. We identify stars above the 3σ dispersion in the young stellar locus, as defined in , as having an excess in that band. We use 3σ as a conservative criterion, to avoid reporting excesses with a small confidence level. To avoid reporting false excesses due to scatter in the photometry, we only report an infrared excess if that object is also above the 3σ dispersion in the young stellar locus for that band and all bands at longer wavelengths.
Disks in young populations such as Sco-Cen may be found in a variety of stages of evolution. Here we attempt to classify the disks into the disk classification scheme described by Espaillat et al. (2012) , using the observational criteria described by Luhman & Mamajek (2012) . Based on the boundary between the full disks and transitional, evolved and debris disks for the stars classified in Luhman & Mamajek (2012) , we identify "full disks" as those with E(K S -W 3) > 1.5 and E(K S -W 4) > 3.2, "transitional disks" as those with E(K S -W 4) > 3.2 but have E(K S -W 3) < 1.5. We then identify "evolved disks" as those with E(K S -W 4) > 3.2 and E(K S -W 3) > 0.5 and "debris disks" as those with E(K S -W 4) < 3.2 and E(K S -W 3) < 0.5. Color excesses and classifications are shown in Figure 15 . Four stars had excesses in W 1, W 2 or W 3 but no reliable W 4. We classify them as evolved or debris disks based on their lack of spectroscopic signatures of accretion and their E(K S -W 2) and E(K S -W 3).
Disks classified using this method are listed in Table 7 . Our sample contains a small number of G-and M-type members of ScoCen. Therefore, in Table 13 we summarize infrared excess fractions for only K-type (∼0.7-1.3 M ) Sco-Cen members in the 2MASS K S band and the four WISE bands.
DISCUSSION
Which Ages are Reliable?
Depending on which isochronal ages we examine, we obtain different mean subgroup ages. However, given the T eff -dependent age trend present in Figure 4 , we see several reasons to distrust ages from M-type stars. The most obvious reason is that evolutionary models have difficulty predicting the radii of main-sequence M-type stars, systematically underestimating their radii by ∼5-20% (Torres & Ribas 2002; Boyajian et al. 2012 ; see also Kraus et al. 2011 ). Hillenbrand & White (2004 have compared dynamically constrained masses with predictions from pre-MS evolutionary models and found that the models systematically underpredict the masses of stars 5%-20% for masses under 0.5 M . On the other hand, they found that for masses above 1.2 M , dynamical masses and predicted masses from all models are consistent. As stated in Hillenbrand et al. (2008) , the likely source for the poor performance of models in the low-mass regime is incomplete knowledge of opacity sources and the difficulty in modeling convection. One of the large sources of uncertainty particularly applicable to modeling low-mass stars is the role magnetic fields play in convection, as discussed in Feiden (2016) . Strong magnetic fields can give rise to large star spots on the surface of the star, which will may cause the star to exhibit more than one surface temperature (Stauffer et al. 2003) . Somers & Pinsonneault (2015) have studied the effect of star spots on inferred ages and masses in pre-main sequence stars, and find that spots will tend to inflate the radii of young stars and shift them to a cooler T eff . The effect is that spots will make older stars appear to be younger and less massive than implied by the evolutionary models. Somers & Pinsonneault (2015) offer age and mass correction factors which can be used to estimate less biased, more accurate masses and ages from published evolutionary tracks. Given the problems with radii and mass discrepancies from models as well as the potential influence of spots, and that there are highermass F-and G-type isochronal ages available, it is preferable to avoid the adopting ages from the K-and M-type members.
What about kinematic ages? Kinematic "expansion" or "traceback" ages are not dependent on stellar interior models and therefore offer the prospect of nearly model-free ages. Song et al. (2012) argues that kinematic expansion ages can function as modelindependent age benchmarks which can then be used to establish a model-indepedent age scale. Age indicators such as Li can then be used to establish relative ages among different stellar populations. This is an interesting idea in principle, however there are a few major issues with kinematic traceback ages.
One major problem is that one must assume that the association was in a physically smaller configuration at some time in the past. The data presented in section 4.8 indicates substantial substructure in Sco-Cen. This is consistent with work in other OB associations, for example, Cygnus OB2 also exhibits substantial substructure (Wright et al. 2014 (Wright et al. , 2016 , and was never a compact, bound cluster. The presences of substantial substructure invalidates the assumption that the members of these associations were in more compact configurations in the past, which prevents the determination of a meaningful kinematic age.
Another major issue is that the results from kinematic ages are very sensitive to the implementation. A recent example is that in the TW Hydra Association (TWA). A commonly quoted age for TWA is 8 Myr based on the kinematic traceback of de la . However, their kinematic traceback was based on a sample of only four stars, which was contaminated by TWA 19, a member of LCC . Mamajek (2005) calculated a kinematic expansion age for TWA using kinematic parallaxes and a vetted list of members and obtained a lower limit of ∼10 Myr on the expansion age at 95% confidence, though the data were only weakly consistent with expansion. More recently, Weinberger et al. (2012) performed a kinematic traceback of TWA using a vetted list of members and trignometric parallaxes. The Weinberger et al. (2012) traceback result indicated the members were never in a significantly more compact configuration. Another TWA study, Ducourant et al. (2014) , independently obtained trignonmetric parallaxes for 13 stars, identify 31 as a co-moving association, 25 of which had radial velocity and trignometric parallax data. This study obtained a traceback age for TWA of 7.5±0.7 Myr. However, this result was based on a sample of 16 stars with converging motions, obtained after removing 9 stars which systematically drifted from the center of the association when traced back in time. Similarly, an often-quoted age for Upper Sco is the 5 Myr expansion age derived from proper motion data by Blaauw (1978) . However, it was demonstrated by Brown et al. (1997) , using simulations of expanding OB associations, that expansion ages inferred from proper motions alone all converged to ∼4 Myr, no matter the actual kinematic age. A recent examination of the expansion age in Upper Sco by Pecaut et al. (2012) , using radial velocity data, gave a lower limit of ∼10 Myr at 95% confidence, though the data were consistent with no expansion. Finally, we mention that the adopted kinematic expansion age of the β Pictoris moving group (BPMG) of 12 Myr, estimated by Song et al. (2003) , has been re-evaluated by . study found the modern BPMG kinematic data was only weakly indicitave of expansion, and that the age is only weakly constrained by the kinematic data, giving a 95 confidence limit of 13-58 Myr. We conclude that the there is no well-constrained kinematic traceback age for either Sco-Cen or the groups used to bracket its age (e.g., TWA, BPMG) that has withstood the scrutiny of improved data, and that they simply do not yield useful age constraints given the current precision of the available data.
Another relevant chronometric technique is the use of the lithium depletion boundary (LDB) to determine the age of a stellar population. By detecting the stellar T eff or luminosity above which all the stars have exhibit Li depletion and comparing this with evolutionary model predictions, one can obtain an age which is independent of distance. LDB ages have been calculated for several of the nearby, young moving groups (Mentuch et al. 2008; Binks & Jeffries 2014) but the subgroups of Sco-Cen do not yet have a reliable LDB age. The results of Cargile et al. (2010) suggests that lithium depletion boundary ages and modern nuclear main sequence turn-off ages are in agreement when convective core overshooting is included in the models of high-mass stars (e.g., Ekström et al. 2012 ). However, LDB ages are typically much older than pre-MS contraction ages, and it has been suggested that this problem is related to the radii discrepancy in M-type stars (Yee & Jensen 2010; Somers & Pinsonneault 2015) .
Recent discoveries of eclipsing binaries, particularly in Upper Scorpius using the data obtained using the Kepler K2 mission, should help evolutionary models significantly by providing wellconstrained radii and masses at these young ages. Particularly, the recently published discoveries by David et al. (2015) , Alonso et al. (2015) , Lodieu et al. (2015) , and Kraus et al. (2015) , will add a signifcant number of benchmark eclipsing binaries with tightly constrained, nearly model-independent parameters for objects in Upper Scorpius. Masses and radii for the eclipsing binary UScoC-TIO 5 from Kraus et al. (2015) , when compared to the Baraffe et al. (2015) evolutionary models, already provide some concordance with the older ∼10 Myr ages from the F-and G-type stars, though more theoretical work remains to be completed.
How "Coeval" are the Sco-Cen Subgroups?
Previous studies of Sco-Cen have attempted to quantify the observed age spread in the subgroups. In Upper Sco, Preibisch et al. (2002) , adopting an age of 5 Myr, concluded that the age spread was < ∼ 1-2 Myr. Their results account for the effects of binarity, a distance spread, and observational uncertainties. This is consistent with the results of Slesnick et al. (2006) , who similarly constrained the age spread in the northern part of Upper Sco to be less than ±3 Myr (uniform distribution) using similar assumptions. In their study of UCL and LCC, Mamajek et al. (2002) have examined age spreads in the older subgroups and have constrained the star formation to have occurred over a time period of ±3 Myr and ±2 Myr (1σ ) for UCL and LCC, respectively.
Our age spreads are larger than those previously reported, with 1σ age spreads of ±7 Myr, ±7 Myr, and ±6 Myr for US, UCL and LCC, respectively. Our age spread of ±7 Myr for Upper Sco is much larger than the age spreads detected by Preibisch et al. (2002) and Slesnick et al. (2008) . However, the age map in Figure 9 indicates that there is an age gradient from the southeastern part of US to the northwest, with the northwestern part being younger. The Slesnick et al. (2008) and Preibisch et al. (2002) lowmass samples were drawn from smaller regions (∼150 deg 2 and ∼160 deg 2 , respectively) than our sample in Upper Sco (drawn from the entire ∼320 deg 2 ), which could be responsible for the smaller detected age spreads. However, the likely reason our inferred age spreads in US are larger than previous results is that we adopt a mean age of 10 Myr, twice as old as the Slesnick et al. (2008) or Preibisch et al. (2002) studies. A given luminosity spread at a younger age corresponds to a smaller inferred dispersion in ages than the same luminosity spread at an older age, simply be-cause the younger isochrones are spaced farther apart in luminosity than those at older ages. Slesnick et al. (2008) suggests that spreads in H-R diagram positions may not be an accurate proxy for spreads in age. They demonstrate this by comparing two nearly identical spectra for members in US, with spectroscopic surface gravity indicators which are indicitive of nearly identical surface gravity. However, their H-R diagram positions suggests their ages differ by more than 10 Myr! Jeffries et al. (2011) use constraints on the disk lifetime to show that the age spread in the Orion Nebula Cluster must be less than 0.14 dex in log(Age), though the age spreads inferred from the H-R diagram show a 0.4 dex dispersion in log(Age). These results suggest that scatter in the H-R diagram may not be a reliable indicator of age spreads. However, the H-R diagram remains the best observational indicator available at the present time for revealing any intrinsic age spreads. See Soderblom et al. (2014) for a more detailed and complete discussion regarding age spreads.
As stated previously, our age map does indicate there is a clear age gradient in US as it merges into UCL. The southern part of LCC is also noticably younger than other parts of LCC, confirming the suggestion first raised in Preibisch & Mamajek (2008) . We note that there are no main-sequence turnoff stars in northern LCC, which, considering the younger age of southern LCC, accounts for the turn-off age of LCC being much younger than UCL. The star formation history of Sco-Cen, as inferred from the H-R diagram positions, appears to be more complex than previously treated. The spatial distribution of ages is suggestive that the current division of three distinct, coeval subgroups is overly simplistic and a separation into smaller units may be warranted. We avoid speculating further on scenarios of triggered star formation here, leaving that discussion to a future study.
Circumstellar Disk Census
Observations of young clusters and associations of ages from ∼1 to >100 Myr have given strong indication that the protoplanetary disk dispersal timescale is very short, with an e-folding time of ∼ 2.5 Myr (Mamajek 2009; Fedele et al. 2010) . This is qualitatively consistent with what we seen in Sco-Cen: 9% of Upper Sco K-type stars host an optically thick protoplanetary disk ("Full Disk" in the Espaillat et al. 2012 nomenclature) at an age of ∼10 Myr, whereas 4% of the K-type stars in the older subgroups UCL and LCC host a full disk (Table 13) . However, the e-folding time of 2.5 Myr was estimated adopting an Upper Sco age of 5 Myr, along with many other young clusters. Naylor (2009) has argued that pre-MS ages systematically underestimate cluster ages, and that ages based on high-mass stars, typically double the ages estimated from the lowmass stars, are more likely to be correct (Bell et al. 2013) . Using the ages we adopt for the Sco-Cen subgroups, what disk dispersal timescale does this imply? We plot the primordial disk fractions ("Full Disk" from Table 13 ) as a function of age in Figure 16 and, following Mamajek (2009) , fit an exponential decay curve to the data ( f disk = e −t/τ disk ). We obtain a mean protoplanetary disk efolding timescale of 4.7 Myr for K-type stars (∼0.7-1.3 M ). This is ∼2 Myr longer than the timescale estimated in Mamajek (2009) , and would imply a longer timescale available for planet formation, but consistent with the findings of Bell et al. (2013) .
Finally, we note that our K-type disk fraction is larger than what is observed for the higher mass-stars in the same subgroups Pecaut et al. 2012; Carpenter et al. 2009; Luhman & Mamajek 2012) . This is consistent with the massdependent trend first identified by Carpenter et al. (2006) and fur- Figure 16 . Mean subgroup age versus disk fraction ("Full Disk"; see Table 13 ) for K-type stars, ∼0.7-1.3 M , from the three subgroups of Sco-Cen. The best-fit exponential decay curvey f disk = e −t/τ disk has τ disk =4.7 Myr.
ther confirmed by Luhman & Mamajek (2012) in Upper Sco, as well as the results of Hernández et al. (2007) from the younger σ Ori association at ∼6 Myr (Bell et al. 2013) . Ribas et al. (2015) have summarized these mass-dependent disk fraction trends using the nearby young stellar associations within ∼500 pc, and have come to a similar conclusion -that the disk dispersal time depends on stellar mass, with the low-mass stars retaining their disks longer. For Sco-Cen, however, we still have very poor statistics for M-type stars in the older subgroups, which highlights the need for future surveys to push the membership census to cooler spectral types in UCL and LCC (e.g., Murphy et al. 2015) .
CONCLUSIONS
We can summarize the findings from our survey as follows:
(i) We have performed a survey for new, low-mass K-and Mtype members of all three subgroups of Sco-Cen. Using Li, X-ray, and proper motion data, we identify 156 new pre-MS members of Sco-Cen.
(ii) Using our newly identified members together with previously known members of Sco-Cen, we utilize Hα as an accretion diagnostic and identify stars with Hα emission levels consistent with accretion. We estimate a spectroscopic accretion disk fraction of 7.1 +3.9 −1.9 %, 3.4 +2.2 −1.0 % and 3.4 +2.5 −1.0 % for solar analog pre-MS K-type stars (∼0.7-1.3 M ) in US, UCL and LCC, respectively, consistent with a protoplanetary disk decay e-folding timescale of ∼4.7 Myr, or half-life of ∼3.3 Myr.
(iii) Similar to previous results in other star-forming regions (e.g., Hillenbrand 1997; Hillenbrand et al. 2008; Bell et al. 2013 ), we observe a T eff -dependent age trend in all three subgroups of Sco-Cen, for all sets of evolutionary tracks.
(iv) We adopt median ages of 10±3 Myr, 16±2 Myr and 15±3 Myr for US, UCL and LCC, respectively, when considering the revised nuclear ages as well as the pre-MS contraction ages from the F-and G-type stars.
(v) We obtain estimates for the intrinsic age spread in each subgroup through a grid of Monte Carlo simulations which take into account binarity, spots, and observational uncertainties. Assuming the median ages obtained above, and modeling the age distribution as a gaussian, we find that 68% of the star formation in US, UCL, and LCC occured over timescales of ±7 Myr, ±7 Myr, and ±6 Myr, respectively. Thus when adopting an age of ∼10 Myr for Upper Sco, we detect an intrinsic age spread of ±7 Myr (1σ ).
(vi) Using members from our X-ray sample as well as F-and G-type members of Sco-Cen, we create an age map of the ScoCen complex. We find that the star-formation histories of the UCL and LCC, the older subgroups, are indicitative of substructure and are not consistent with a simple triggered star-formation scenario. The groups are not each monolithic episodes of star formation, but likely an ensemble of small subgroups, exhibiting significant substructure.
